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I.  INTRODUCTION 

The  use  of  certain  Industrial  Heating  Devices  (IHD)  in  manufacturing 
poses  a  possible  problem  to  aeronautical  navigation  services  if  the  IHD 
equipment  operates  on  the  same  or  close  to  the  same  frequencies  as  the 
aeronautical  service,  especially  if  the  leakage  RF  is  sufficiently  strong. 
This  report  details  an  experiment  that  was  conducted  to  measure  actual  RF 
fields  radiated  by  two  IHD  devices  operating  in  the  190-535  kHz  frequency 
band.  The  experiments  consisted  of  measurements  based  on  FCC  Part  18  and 
CISPR  Publication  11  and  11A,  in  addition  to  absolute  RF  field  measurements 
of  emissions  above  the  IHD  units  chosen.  Two  methods  were  used  for  the 
overhead  measurements.  The  first  consisted  of  using  a  tower  to  hoist  the 
measurement  antenna  over  the  unit  being  tested,  and  recording  RF  fields  for 
various  azimuth  angles  relative  to  the  IHD  equipment.  The  second  involved 
flying  overhead  the  IHD  unit  with  a  calibrated  antenna  and  receiver  system 
on  board  a  light  aircraft. 

The  results  of  these  experiments  are  presented  in  this  paper.  The  IHD 
equipment  measurements  were  made  at  the  Elite  Electronic  Engineering  open 
field  test  facility  in  Waterman,  Illinois,  in  October  of  1983  [1]. 


II.  CONCLUSIONS  AND  RECOMMENDATIONS 


A.  Conclusion*. 

Ths  RF  fields  radiated  by  two  IHD  devices  were  well  below  the  FCC 
allowable  levels  as  stated  In  Volume  II,  Part  18,  Subpart  J,  regarding  ISM 
equipment.  The  radiated  levels  with  respect  to  the  CISPR  limits  are  well 
above  allowable  levels.  There  did  not  appear  to  be  a  significant  dif¬ 
ference  in  the  measured  RF  levels  between  the  ground  and  Clark  tower  data. 
There  did  seem  to  be  a  small  amount  of  lobing,  both  horizontally  and  ver¬ 
tically.  These  observations  may  be  due  to  the  near-field  effects. 

Due  to  the  low  levels  of  RF  energy  launched  by  the  IHD  equipment, 
there  were  no  fields  measured  by  the  airborne  equipment.  The  measured 
noise  level  in  the  area  of  the  tests  for  the  airborne  tests  was  approxi¬ 
mately  1000  pV/m  in  the  425  -  495  kHz  range. 

When  comparing  the  ground  data  and  the  Clark  tower  data  the  effects  of 
the  decay  factor  can  be  ignored.  Since  one  of  the  goals  of  this  paper  is 
to  report  the  difference  in  the  ground  measurement  and  the  measurements 
made  at  higher  elevation  angles,  the  effects  of  the  decay  constant  cancel 
out. 


B.  Recommendations . 

There  are  several  recommendations  that  can  be  made  with  regard  to 
future  measurements  of  this  type  which  are  listed  below. 

1.  For  making  future  measurements  the  aircraft  should  be  equipped 
with  a  standard  H-field  loop  antenna  and  a  frequency  selective 
receiver  or  spectrum  analyzer  capable  of  interfacing  with  a  com¬ 
puter.  This  will  provide  the  ability  to  change  the  measurement 
bandwidth  rapidly,  to  optimize  the  receiver  characteristics. 

2.  When  making  ground  measurements  to  determine  the  decay  factor, 

a  large  number  of  points  needs  to  be  taken  into  consideration  in 
order  to  evaluate  the  characteristics  of  the  decay  factor. 
Additionally,  an  analytical  curve  fit  should  be  used  to  assure 
that  the  best  estimate  of  the  decay  factor  is  determined. 

3.  Before  making  the  airborne  measurement,  an  evaluation  of  the 
ambient  noise  environment  at  the  measurement  frequencies  should  be 
made.  This  will  allow  an  evaluation  of  the  aircraft  generated 
noise  to  determine  if  it  will  corrupt  the  measurement  data.  The 
use  of  the  spectrum  analyzer  can  assist  both  in  location  of  the 
noise  and  determination  of  the  necessary  measurement  bandwidth 
characteristics  to  better  isolate  the  signal  from  the  noise. 

If  it  is  expected  that  a  device  is  necessary  to  hoist  an  antenna 
to  measure  the  RF  fields  over  the  equipment,  it  is  suggested  that 
a  cherry-picker  device  similar  to  that  used  by  utilities  for  power 
line  repair  be  used.  The  calibrated  antenna  could  be  placed  on  a 


4. 


10  foot  pole  attached  to  the  cherry-picker  bucket  and  hoisted  to 
virtually  any  position  in  a  hemisphere  of  approximately  60  foot 
radius. 
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III.  GROUND  RF  MEASUREMENTS 


The  ground  RF  measurements  were  performed  as  per  Federal 
Communications  Commission's  Rules  and  Regulations,  Volume  II,  Part  18, 
Subpart  D  for  Industrial  Heaters,  dated  July  1981.  The  tests  were  per¬ 
formed  at  the  Elite  Electronic  Engineering  Company  open  field  test  facility 
in  Waterman,  Illinois  (EQU/6810  4-3-0).  All  ground  radiated  emissions  were 
measured  with  an  HP  8568  Spectrum  Analyzer  using  an  HP  9825  computer  as  the 
controller.  This  system  automatically  commands  the  spectrum  analyzer  to 
perform  the  measurements,  process  and  print  out  the  data.  The  IHD  unit  was 
placed  on  a  rotating  table  with  the  measurement  antenna  placed  a  known 
distance  from  the  center  of  the  table.  The  radiated  measurements  were  then 
made  at  azimuth  increments  of  20  degrees.  All  measurements  were  made  with 
230  vac.  60  Hz  applied  to  the  IHD  as  input  power  while  heating  a  water 
cooled  load  in  a  continuous  operation.  The  radiated  measurements  were  all 
made  using  loop  antennas  at  the  fundamental  and  up  to  the  10th  harmonic. 

The  frequency  of  interest  for  this  report  is  the  fundamental  because  it  can 
exist  as  a  co-channel  interference  source  for  the  non-directional  beacon 
aeronautical  service. 

The  two  IHD  devices  tested  will  be  identified  as  Machine  A  and  Machine 
B  which  are  3  kW  and  15  kW  output  RF  power  devices,  respectively.  Since  it 
is  not  the  intent  of  this  report  to  identify  the  IHD  device  tested  in  this 
study  directly,  the  units  will  be  referred  to  as  described  above. 

FCC  Rules  and  Regulations  specify  that  measurements  of  radiated  fields 
be  related  to  measurements  at  a  distance  of  one  mile.  If  field  measure¬ 
ments  cannot  be  made  at  one  mile  range,  then  an  extrapolation  to  one  mile 
can  be  made  based  on  a  measured  propagation  decay  factor.  Extrapolation  of 
an  E-field  measured  at  a  distance  D  to  an  equivalent  field  at  one  mile  is 
given  by  the  following  equation: 


where:  E2  *  equivalent  field  at  one  mile  in  yV/m. 

E^  *  measured  field  at  distance  D  in  yV/m. 

D  ■  measurement  distance  in  feet, 
n  *  propagation  decay  factor. 

The  propagation  decay  factor  at  IHD  frequencies  was  measured  by  trans¬ 
mitting  a  uniform  field  from  a  loop  antenna  and  measuring  this  field  at 
various  distances  from  the  source  using  a  calibrated  loop.  The  measure¬ 
ments  of  E-field  vs.  distance  were  then  plotted  and  a  line  drawn  through 
the  points.  The  slope  of  this  line  was  taken  as  the  propagation  decay  fac¬ 
tor.  This  procedure  was  used  by  Elite  Electronic  Engineering  Company 
(under  subcontract)  at  Waterman,  Illinois,  to  determine  the  propagation 
decay  factor.  The  propagation  decay  factor  measured  at  Waterman,  Illinois 
at  425  kHz  was  1.95  (Figure  1)  and  the  decay  factor  measured  at  495  kHz  was 
2.45  (Figure  2). 
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V.  AIRBORNE  RADIATED  FIELD  MEASUREMENTS 

To  make  Che  airborne  measurements  of  Che  radiaCed  fields  from  machines 
A  and  B  a  Piper  SaraCoga  aircraft  owned  by  Ohio  University  was  used.  This 
aircraft  was  instrumented  with  an  ADF  receiver  that  was  calibrated  by  a 
proven  method  (see  Appendix  C)  [4,  5].  This  method  Involves  calibrating  a 
field  calibration  unit  (FCU)  using  a  calibrated  receiver  (in  this  case  an 
Electrometries  EMC-25  and  an  ALR-25  H-field  loop  antenna).  Figure  9  is  a 
calibration  plot  that  was  derived  from  this  calibration  of  the  FCU. 

Referring  to  the  plot  each  value  in  dBm  next  to  each  curve  was  the  RF  out¬ 
put  level  of  the  signal  generator  used  to  drive  the  FCU.  Therefore,  each 

curve  represents  the  RF  field  produced  at  each  frequency  for  a  given  input 

signal  level  from  the  RF  generator  driving  ..he  FCU. 

The  aircraft  was  equipped  with  an  ADF  receiver  that  was  modified  to 
provide  AGC  voltage  as  an  output.  An  analog-to-dlgital  converter  was  used 
to  accept  the  AGC  voltage  and  transmit  it  to  a  computer  on  board  the 
aircraft  to  record  the  digitized  AGC  voltage.  Previous  to  making  the  RF 
measurement  flights,  the  FCU  was  used  to  calibrate  the  ADF  receiver  in  the 
aircraft.  The  results  of  this  calibration  are  indicated  in  Figures  10  to 
16  which  are  the  curves  for  200  kHz  to  500  kHz.  These  plots  represent  the 
correlation  between  the  ADF  AGC  voltage  and  the  radiated  fields  received  at 
the  aircraft  position  during  the  flight  measurements. 

The  aircraft  position  was  determined  during  the  measurements  using  a 
Loran-C  receiver.  The  output  position  along  with  the  ADF-measured  AGC 
voltage  were  recorded  during  the  flight  using  the  computer  data  acquisition 
system  [6].  The  aircraft  was  flown  at  an  altitude  of  500  ft.  above  the  IHD 
equipment  operating  on  the  turntable  at  the  open  field  site.  The  aircraft 
flew  a  constant  north-south  pass  over  the  equipment  with  the  Loran-C 
receiver  in  the  aircraft  recording  the  position.  The  device  under  test  was 
rotated  by  the  turntable  to  the  appropriate  azimuth  for  the  measurement. 

The  results  of  those  flights  are  given  in  the  plots  of  Figures  17  and  18. 
These  plots  indicate  the  radiated  field  strength  as  a  function  of  the  hori¬ 
zontal  distance  from  the  IHD  unit  under  test.  The  plots  also  indicate  the 
limits  of  the  FCC  and  CISPR  allowable  emissions.  The  plots  of  Figure  17 
and  18  are  essentially  plots  of  the  local  noise  levels  in  the  area  at  the 
time  of  the  measurements.  No  detectable  IHD  radiation  was  observed  in  the 
aircraft  during  the  teat.  The  sensitivity  of  the  ADF  receiver  used  in  the 
tests  is  approximately  27  dBpV/m.  The  results  of  the  airborne  tests  are 
consistent  with  the  measurements  made  by  the  Clark  tower  tests.  The  maxi¬ 
mum  radiated  field  strength  measured  by  the  Clark  tower  for  either  Machine 
A  or  B  is  202  pV/m  at  an  extrapolated  distance  of  1000  ft.  This  field  con¬ 
verted  to  500  feet  (the  altitude  of  the  aircraft  over  the  IHD)  is  780  pV/m 
which  is  equivalent  to  58  dBpV/m.  Since  the  local  noise  level  during  the 
tests  was  about  the  same  or  slightly  higher,  the  emissions  were  not  detec¬ 
table  from  the  aircraft.  The  flight  measurements  were  made  with  the  azi¬ 
muth  of  the  IHD  device  oriented  so  that  the  direction  of  flight  was  along 
the  ground-measured  lobe  of  maximum  radiation. 
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at  higher  elevation  angles.  This  indicates  that  the  15  ktf  machine  produced 
more  radiation  in  the  horizontal  direction  than  in  the  vertical  direction. 
The  Clark  tower  measured  field  strength  along  the  direction  of  maximum 
radiation  (300*)  was  11.7  pV/m,  whereas  the  ground  measurements  produced  a 
field  of  30  pV/m.  The  following  table  indicates  the  maximum  field  strength 
values  for  the  two  machines  compared. 


MACHINE  A  3  kW  425  kHz 


Ground  Clark  Tower 

1000  ft.  <3  1000  ft.' 

340°  (3  340* 

Elev.  Ang.  »  0*  Elev.  Ang.  ■  74° 

100  pV/m  196  pV/m 


FCC  Limit  (1000  ft.,  decay  factor  -  1.95)  -  257  pV/m 
CISPR  Limit  (1000  ft.,  decay  factor  -  1.95)  -  28  pV/m 


MACHINE  B  15  kW  495  kHz 


Ground  Clark  Tower 

1000  ft.  1000  ft. 

300*  300* 

Elev.  Ang.  ■  0°  Elev.  Ang.  ■  46° 

30  pV/m  11.7  pV/m 


FCC  Limit  (1000  ft.,  decay  factor  •  2.45)  ■  589  pV/m 
CISPR  Limit  (1000  ft.,  decay  factor  -  2.45)  ■  3.3  pV/m 
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CLARK  TOWER  DATA 
MACHINE  B 
RF  POWER  =  15  KW 


AZIMUTH  =  0.0  DEG. 

MEAN  FREQ.  =  495. 0  KHZ 


FIGURE  8.  MACHINE  B  CLARK  TOWER  DATA  NORMALIZED  TO  1000  FEET 
AT  0*  AZIMUTH  DECAY  FACTOR  =  2.45. 
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IV.  CLARK  TOWER  RF  FIELD  MEASUREMENTS 

In  order  to  get  a  better  Indication  of  the  RF  fields  that  existed 
above  the  IHD  device,  a  Clark  tower  was  used  to  hoist  a  loop  antenna  to 
sense  the  radiated  fields  at  higher  elevation  angles.  The  Clark  tower  was 
positioned  to  the  side  of  the  turntable  containing  the  IHD  unit  under  test. 
The  center  of  the  tower  was  positioned  15.75  feet  from  the  center  of  the 
turntable.  The  Clark  tower  was  extended  to  a  maximum  height  of  56  feet  and 
lowered  to  a  minimum  height  of  16  feet.  This  provided  elevation  angles 
from  approximately  45  degrees  to  75  degrees  to  the  horizon. 

The  loop  antenna  and  spectrum  analyzer  used  for  the  ground  measure¬ 
ments  are  the  same  as  those  used  to  make  the  Clark  tower  measurements. 

This  equipment  was  provided  by  Elite  Electronic  Engineering  Company. 

The  same  equations  used  to  determine  the  extrapolated  field  intensity 
in  the  ground  measurements  were  repeated  here.  Plots  of  the  Clark  tower 
data  are  indicated  in  Figures  3  through  8  in  which  the  fields  were  plotted 
normalized  to  1000  feet.  These  plots  indicate  the  radiated  fields  from  the 
IHD  unit  located  at  the  lower  left  corner  of  the  plot. 

In  all  of  the  plots  for  both  Machine  A  and  B  the  radiated  fields 
remain  within  FCC  limits  of  10  pV/m  at  one  mile  even  at  higher  elevation 
angles.  One  interesting  observation  was  that  the  higher-output-power 
Machine  B  had  lower  radiated  fields  than  the  lower  powered  Machine  A.  This 
may  be  due  to  the  additional  attention  given  to  the  EMI  shielding  design 
for  the  higher  power  IHD  unit. 

To  consider  the  Comite  International  Special  Des  Perturbations 
Radioelectrlquea  (CISPR)  radiated  emissions  limits.  Machine  A  falls  into 
the  0.285  to  0.49  MHz  frequency  range  with  a  limit  of  250  pV/m  at  a 
distance  of  100  meters  (328  ft.).  Machine  B,  however,  falls  in  the  0.49  to 
1.605  MHz  frequency  range  with  a  limit  of  50  pV/m  at  100  meter  [3].  If  the 
maximum  values  of  the  Machine  A  Clark  tower  plots  are  considered,  the 
extrapolation  of  the  fields  from  1000  ft.  to  328  ft.  produces  a  radiated 
field  of  1780  pV/m  at  328  ft.  (100  meters).  This  is  significantly  greater 
than  the  CISPR  limit  of  250  pV/m  at  100  meters.  Machine  B,  considered  in 
the  same  way,  evaluates  to  a  radiated  field  intensity  of  177  pV/m  at  100 
meters.  The  limit  for  Machine  B  is  50  pV/m  at  100  meters  so  it  also 
exceeds  the  CISPR  radiated  emissions  limits. 

Machine  A  and  Machine  B  Indicate  different  results  when  comparing  the 
fields  measured  by  the  Clark  tower  and  the  ground  tests.  The  Clark  tower 
measurements  were  made  along  the  azimuths  determined  by  the  ground  tests  to 
be  the  maximum  radiation  directions.  The  Machine  A  (the  3  kU  IHD  device) 
data  indicated  that  the  Clark  tower  data  at  higher  elevations  produced 
about  3  dB  more  radiation  than  the  measurements  made  at  ground  level.  This 
would  tend  to  Indicate  that  Machine  A  was  radiating  more  energy  upward  than 
along  the  horizontal  direction. 

For  Machine  B  (the  15  kW  device)  just  the  opposite  was  discovered. 

The  measured  fields  along  the  ground  were  greater  than  the  measured  fields 
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MACHINE  A 
(See  Figure  1) 


Measured  E-field  at  50  ft.:  43,652 
Decay  factor  n^  from  line  chose  by  Elite  Electronics:  2.45 
Decay  factor  from  line  chosen  by  authors:  2.17 
E-field  extrapolated  to  one  mile  using  n^.  q 

E-field  extrapolated  to  one  mile  using  n£:  1.8 
FCC  limit  at  one  mile:  10 
Ground  measurement,  azimuth  -  340 


MACHINE  B 
(See  Figure  2) 


Measured  E-field  at  50  ft.: 

Decay  Factor  nj  from  line  chosen 
Decay  Factor  02  from  line  chosen 
E-field  extrapolated  to  one  mile 
E-field  extrapolated  to  one  mile 
FCC  limit  at  one  mile: 

Ground  measurement,  azimuth  - 


34,674 


by  Elite  Electronics: 

1.95 

by  authors: 

1.42 

using  ni : 

3.9 

using  n2 : 

46 

10 

300 

pV/m 

uV/m 

yV/m 

pV/m 

degrees 


pV/m 

pV/m 

pV/m 

pV/m 

degrees 


Table  1.  Illustration  of  Effects  of  Decay  Factor  Measurement  Accuracy 


Both  Figures  1  and  2  use  a  straight  line  approximation  to  determine 
the  decay  factor,  indicating  a  linear  function.  The  experience  of  Elite 
Electronic  Engineering's  personnel  Indicates  that  the  decay  factor  is 
indeed  a  linear  function.  The  data  indicate  a  possibility  that  this  may  be 
a  non-linear  function.  However,  there  is  insufficient  data  to  support 
either  claim  fully. 

The  method  used  to  determine  the  decay  factor  in  this  study  is  suscep¬ 
tible  to  error  from  several  sources.  The  large  difference  between  the 
decay  factors  measured  at  Waterman,  Illinois,  may  be  attributed  to  several 
factors:  1)  atmospheric  conditions  were  different  for  the  two  measure¬ 
ments,  one  measurement  was  taken  in  the  morning  following  a  rain  storm,  the 
relative  humidity  was  high  and  the  ground  was  wet,  while  the  other  measure¬ 
ment  was  taken  later  in  the  day  after  the  weather  had  cleared;  2)  frequen¬ 
cies  were  different  for  the  two  measurements;  3)  the  selection  of  the  best 
way  to  determine  the  straight  line  curve  and  the  selection  of  a  sufficient 
number  of  data  points  are  open  for  discussion.  Other  factors  such  as 
equipment  placement  could  also  have  effects  on  the  measurement.  If  the 
differences  were  caused  by  atmospheric  conditions,  frequency,  or  other 
natural  phenomena  then  the  results  are  valid  and  the  difference  truly 
exists.  Most  likely,  the  difference  in  the  measurements  was  caused  by  a 
combination  of  all  of  the  above. 

The  data  in  Table  1  are  given  to  illustrate  the  importance  of  accurate 
decay  factor  measurement  and  the  criticality  of  graphically  choosing  the 
best  curve  fit.  Table  1  gives  the  field  strengths  extrapolated  to  one  mile 
using  different  interpretations  of  the  best  curve  fit  for  the  decay  factor 
measurement.  For  consistency,  all  field  extrapolations  in  this  report 
except  those  in  Table  1  use  the  decay  factors  chosen  by  Elite  Electronic 
Engineering  Company. 

A.  Ground  RF  Test  Results. 

The  results  of  the  ground  FCC  testing  indicated  that  both  Machine  A 
and  Machine  B  met  the  allowable  emissions  limits  described  in  Part  18, 
Subpart  D  for  industrial  heating  devices.  The  maximum  radiated  RF  field 
for  Machine  B  is  3.9  uV/m  at  an  azimuth  of  300  degrees.  Machine  A  had  a 
maximum  radiated  field  at  340  degrees  of  0.5  pV/m  at  one  mile.  The  data 
for  these  devices  are  given  in  Appendix  A,  which  includes  a  plot  of  the 
radiated  spectrum  and  a  plot  of  the  radiation  pattern  for  each  device. 
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FIGURE  13.  ADF  RECEIVER  CALIBRATION  AT  350  KHZ 
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FIGURE  16.  ADF  RECEIVER  CALIBRATION  AT  500  KHZ 
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Figure  A- 14, 

Machine  A  Ground  Test  200  Degrees  Azimuth 
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Figure  A-13, 

Machine  A  Ground  Test  180  Degrees  Azimuth 
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Figure  A- 12. 

Machine  A  Ground  Test  160  Degrees  Azimuth 
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Machine  a  Ground  Test  140  Decrees  Azimuth 
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Figure  A- 10, 

Machine  A  Ground  Test  120  Degrees  Azimuth 
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Figure  A-9. 

Machine  a  Ground  Test  100  Degrees  Azimuth 
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Figure  A-3, 

Machine  A  Ground  Test  80  Degrees  Azimuth 
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Figure  A-7, 

Machine  A  Ground  Test  60  Degrees  Azimuth 
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Figure  A-6. 

Machine  A  Ground  Test  40  Degrees  Azimuth 
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Figure  A-5, 

Machine  A  Ground  Test  20  Degrees  Azimuth 
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Figure  B-20, 

Machine  B  Ground  Test  320  Degrees  Azimuth 


checker!  b y  : 


-7M- 


ETR  S8Q3 

ELITE  ELECTRONIC  ENGINEER INC  CD. 

DATA  FACE 

TEST  :  FCC  PART  1SD  INDUSTRIAL  HEATING  EQUIPMENT 

MANUFACTURER  : 

MODEL  ♦  :  Machine..B 

S/N  • 

DATE  TESTFD  :  OCTOBER  14,  1983 

Test  Distance  i  30  -ft.  Atirttith  :  300  degrees 
Corrections  based  on  a  field  decay  exponent  of  2.45 


Freq  . 

M!  Iz 

Mtr  Rdg 

dSuV 

An  t . 
fac  . 

d  n 

Qist  , 

corr 

■IK 

To  ta  1. 
d  P.  u  U  /  m 
;■?  1 .1  j.  i. » 

T  o  t  a  1 
uU/m 

8  1  n  i  1  e 

Li  Mi  t 
uU/m 

8  1 M  i.  1  e 

.  4952 

38 . 6 

60.2 

-99 . 8 

-6 . 4 

0 . 3 

10.0 

.9903 
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-48 . 3 
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55.7 
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-36 . 0 

0  .  0 
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46.9 

-99 , 2 

-51  .  4 

0  .  0 

10.0 

.  4661 
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45 . 6 

-99 . 2 

*50 . 9 

0  .  0 

10.0 
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10.0 
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-99 . 2 

-54 . 4 
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Figure  B-19, 

Machine  B  Ground  Test  300  Degrees  Azimuth 
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ELI  TF  ELL  CITRON]  C  FHCINEFR  INC  CO. 

oat  A  pace 

TFST  :  FCC  PART  18P  lNOLif.TR T Al.  UFATTNC  EQUIPMENT 

MANUFACTURER  ! 

MODEL  *  :  Machine  B 

S/N  : 

DATE  TESTED  :  OCTOBER  14,  1983 

Test  Distance  :  SO  ft.  At  i.«uth  :  280  degrees 

Corrections  based  on  a  field  decay  exponent  of  2 . 45 


Fr  eq  . 

Milt 

Mtr  Rdg 

dBuU 

An  t  . 
fac  , 

0  i  s  t . 

corn 

rlT.i 

T  o  t  a  1 
dBuU/rt 
(3  t « j.  1.  e 

T  o  t  a  1. 
u  V  /  n 

8  1  m  i  1  e 

L  i .)  i  t 
n  y  /  m 

9  1  m  i.  1  e 

1 . 4752 

32.3 

60 .2 

-99 . 2 
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1  0  .  0 
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Figure  B-18, 

Machine  B  Ground  Test  280  Degrees  Azimuth 
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CTR  8?  07, 

EL]  TE  EL.il  CTR  ON  IT.  ENGINEER  INC-  CO. 

•  DATA  PAGE 

TEST  :  FCC  PART  1 3D  INDUSTRIAL  HEATING  EQUIPMENT 

MANUFACTURER  s  .• 

MODEL  *  Mach  in#  B 

S/N  : 

DATE  TESTED  :  DCTOFtfR  14,  1903 

Test  Distance  :  50  ft.  Azimjth  :  260  degrees 

Corrections  based  on  a  field  decay  exponent  of  2.45 


Freq  . 

Mtr  Rdg 

An  t . 

Oist  . 

Total. 

F  o  t  a  I 

Li  flit 

fac  . 

cor  r 

dBuU/M 

uV/m 

uV/h 

MHz 

rt8uU 

dO 

d3 

8  trtile 

8  lrtile 

8  1  m  i  1  e 

30.2  60.2  -99.2  -8.0  0.4  10.0 

5.2  57.4  -99.2  -36.6  0.0  10.0 

6.8  55.7  -99 . 2  -36 .6  0.0  10.0 

8.9  54,6  -99.2  -35.7  0,0  10.0 

2.0  40.4  -99 . 2  -48 .7  0.0  10.0 

2.6  46.9  -99.2  -49.7  0.0  10.0 

1.6  45.6  -99 , 2  -52 .0  0.0  10.0 

4.8  44.4  -99 . 2  -49 .9  0.0  10.0 

2.2  43.4  -99 . 2  -53 .5  0.0  10.0 

1.8  42.5  -99.2  -54.8  0.0  10.0 


0 . 4952 
0 . 9903 
1 . 4855 
.9806 
.4738 
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.9612 
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Figure  B-17, 

Machine  B  Ground  Test  260  Degrees  Azimuth 


ETR  8203 

ELITE  ELECTRONIC  ENf-'INF  l'"R  ING  HO. 
DATA  RAGE 


FCC  PART  U7D  INDUSTRIAL  I  SEATING  EQUIPMENT 

Machine  B 

OCTOBER  14,  1983 

Test  Distance  :  SO  Ft.  Azimuth  :  240  degrees 

Corrections  based  on  a  field  decay  exponent  of  2.45 


MANUFACTURER 
MODEL  * 

S/N 

DATE  TESTED 


Freq  . 

MI-1 1. 

M  t  r  R  <  1 1) 

dSuU 

Ant . 
f ac  . 
.10 

Oist  . 

c  orr 
rlS 
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dBuU/M 

0  1  rt  i  1.  e 

Total. 

oU/m 

0?  1  m  i  1  <-? 

Lin  i.  t 
uU/m 
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0 . 4953 

23 . 7 
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44 . 4 
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10.0 
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Figure  3-16, 

Machine  B  Ground  Test  240  Degrees  Azimuth 
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£T R  Br03 

EL1TF  ELFC-TRONIC  FNC  JNT  FR  INC-  CO. 
DATA  PACE 


-  TEST 

MANUFACTURER 
MOPFL  # 

S/N 

DATE  TESTED 


FCC  PART  18D  INDUSTRIAL  UFAT  INC  EQUIPMENT 


Machine  B 

OCTOBER  14 ,  1983 


Test  Distance  :  SO  ft.  Atifluth  ;  220  degrees 

Corrections  based  on  a  field  decay  exponent  of  2.45 


•  1 
'i 

ft 

-a 

ii  t  r  Rri  ij 

An  t  . 

Diet  . 

T  ota  1 
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L  i  i  -i  i.  t 
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c  nr  r 

d  B  u  U  /  m 

llU/V. 

u  u  /  m 
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HD 

f?  1 n  i  1  e 

S?  1  m  i  1  e 

0  1  Mi.  1  e 
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0.2. 

10.0 
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Figure  3-15, 

Machine  B  Ground  Test  220  Degrees  Azimuth 
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ETR  8203 

ELITE  EUrCTROHIC  ENGINEERING  CO. 

DATA  PAGE 

TEST  :  l-CC  PART  18D  INDUSTRIAL.  I5FATING  EQUIPMENT 

manufacturer  : 

MODEL  #  :  Machine  B 

S/N  ! 

Date  TESTED  :  OCTOPER  14,  1903 

Test  Distance  :  SO  f t .  Azimuth  :  200 'degrees 

Corrections  based  on  a  field  decay  exponent  of  0,45 


Freq  . 
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Mtr  Rdg 
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An  t  . 
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Figure  B-14, 

Machine  B  Grout®  Test  200  Degrees  Azimuth 
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ETR  8? 03 

ELI  1 F  ELECTRONIC  EN(>  INfl' R  ING  CH  . 

DATA  RACE 

TEST  :  FCC  PART  18D  INDUSTRIAL  IIFATJNR  EQUIPMENT 

MANUFACTURER  : 

MODEL  #  :  Machine  B 

S/N  : 

DATE  TESTED  :  OCTOBER  14,  1983 

Test  Distance  :  50  ft,  As  i.«uth  :  1 1 J 0  degress 

Corrections  based  on  a  field  decay  exponent  of  P . 45 

Frerj.  Mtr  Rdq  Ant.  Diet.  Total  Total.  Li.ait 

f ac .  corn  dt:uU/M  uV/m 

MHs  dBuU  dB  dB  '•?  1  n  i  1  e  I?  lnile  a  lr  ri.  le 


0 . 4952 
0 .9903 
1 . 4055 
1 . 9807 
.  4750 
.9710 
.4661 
.9613 
.  4565 
.9516 


13.4 
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0.2 

57.4 

-99.2 
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54.6 

-99 . 2 

0 .4 
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44 . 4 
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Figure  B-13. 

Machine  B  Ground  Test  180  Degrees  Azimuth 
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ELI  IE  ELECTRONIC  ENGINEER  ING  GO, 

DATA  PAGE 

TEST  :  FCC-  PART  ISO  INDUSTRIAL  HEATING  EQUIPMENT 

MANUFACTURER  : 

MODEL  #  Machine  B 

R/N  : 

DATE  TESTED  :  OCTOBER  14,  1903 

Test  Distance  :  50  Ft.  Azinuth  :  1  AO  degrees 

Corrections  based  on  a  field  decay  exponent  of  2.45 

Freq.  Mtr  R>lrj  Ant.  Dist.  Total.  Total  Li.-n,  t 

fac.  corr  dBuU/h  uV/n  uV/m 

MM*  dDoU  dO  dB  P  Irtile  P  tMile  »  li-ri.le 


0.4952  21.7  /SO.  2 

0.9904  57.4 

1 . 4836  7  .  .3  55 . 7 

1.9808  0.9  54.6 

.4760  0.2  48.4 

.9711  1.2  46.9 

. 4663  1.2  45.6 

.9615  1.0  44.4 

. 4567  8.1  43.4 

.9519  2.4  42.5 
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Figure  B-12, 

Machine B  Ground  Test  160  Degrees  Azimuth 


checked  by: 


-66- 


*  /  ,*  •  •  «  * 
L\-JvWk>V  -v  • 


•  *•*•*»  *  «*  •" «  1  .  *  »  •,  *  * 


pj  cj  re  n  <r  «r 


v. 


AWAA' 


ETR  9203 

ELITE  ELECTRONIC  ENGINEER INf-  CO. 

DATA  PAGE 

TEST  :  FCC  PART  18D  INDUSTRIAL.  HEATING  EQUIPMENT 

MANUFACTURER  : 

MODEL  #  :  Machine  B 

S/N  : 

DATE  TESTED  :  OCTOBER  14,  1983 

Test  Distance  :  50  ft.  A < i u  t  h  :  140  degrees 

Corrections  based  on  a  field  decay  exponent  of  2.45 

Freq.  Mtr  Rdq  Ant.  Diet.  Total.  Total.  Liait 

fac  .  corr  dBuU/M  uV/ii  uV/m 

MM t  dBoU  40  40  9  Inile  *>  laile  S  Utile 


0 . 4752 
0.7903 
1 . 4055 
1 .9907 
.  4750 
.9710 
.  4662 
.9613 
.  4565 
.9517 


24 . 3 
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-99 . 2 
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1 0 
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0  .  0 
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Figure  3-11, 

Machine  B  Ground  Test  140  Degrees  Azimuth 
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DATA  I* AGE 


TEST  :  FCC  PART  18D  INDUSTRIAL  HI  AT TNG  rQUTPMrNT 

MANUFACTURER  : 

MODEL  *  Machine  B 

S/N  i 

DATE  TESTED  :  OCTOBER  14,  1983 

Test  Distance  :  50  ft.  Azimuth  ;  120  degrees 

Corrections  based  on  a  field  decay  exponent  of  2.45 


Freq  . 

M  t  r  R  d  < j 

An  t . 

Diet  . 

T  o  t  n  l. 

To  ta  i. 

Lifii  t 

f  ac  . 

c  orr 

dBuV/  ci 

it  V/m 

iiV/h 

MHz 

.IOiiV 

■IB 

rift 

9  Inile 

S  l  m  i  1  e 

&  1  m  :i.  1  e 

0 . 4752 

26 . 6 

60 . 2 

-99 , 8 

-12.4 

0 . 8 

10.0 

0.9903 

1  .6 

57.4 

-99 . 2 

-40 . 2 

0  .  0 

10.0 

t . 4855 

7.7 

55.7 

-97 . 2 

-33 . 5 

0  .  0 

10.0 

1 .9807 

0.3 

54.6 

-99,2 

-44.3 

0  .  0 

10,0 

2 . 4750 

1 .4 

48.4 

-99 . 2 

-49 . 3 

0  .  0 

2.9710 

2.9 

46.9 

-99.2 

-49 . 4 

0  .  0 

10.0 

3 . 4668 

0.6 

45 . 6 

-99.2 

-53 . 0 

0  .  0 

3.9614 

0 .8 

44.4 

-99,2 

-53 . 9 

0  .  0 

10.0 

4 . 4565 

3.2 

43 . 4 

-99 . 8 

-58.5 

0  .  0 

4.9517 

0.8 

42.5 

-99.2 

-55.8 

0  .  0 

10.0 

Figure  3-10. 

Machine  B  Ground  Test  120  Degrees  Azimuth 
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El  i  T  (i  Ei  i  c'TRON'r  f;  ENGTNr  i-  p  ing  nn. 

DATA  i’ AGE 

TEST  :  FCC  PART  13D  INDUSTRIAI  HEATING  FG>lJTPMrNT 

MANUFACTURER  :  ^chine* 

MODEL  ♦ 

3/N  : 

DATE  TESTED  :  OCinPER  14,  1933 

Test  Distance  :  50  Ft.  Azi.iuth  :  10  0  degrees 

Corrections  based  on  a  Field  decay  exponent  of  2 , 45 


Fre«i  . 

Hilz 

Mtr  Rd«j 

dDoU 

An  t  . 
fac  . 
d  C< 

Diet. 

corn 

dT< 

Total. 

dPuV/io 

A  1  .ii  l  e 

Total 
uV/m 
»  lmile 

Ll.'i  1 

U  V  /  Nt 

9  l.-i 

0 . 4752 

26 . 2 

60 . 2 

-97.2 

-12.  U 

0 . 2 

10.0 

0.7904 

0 .4 

57.4 

-99.2 

-41  .  4 

0  .  0 

10.0 

1 . 4335 

3 . 0 

55 . 7 

•77 . 2 

-35 . 4 

0 . 0 

1 . 9807 

0 .4 

54.6 

-99,2 

-44 . 2 

0  .  0 

10.0 

2 . 4759 

l  .  4 

43 . 4 

-77 . 2 

-49.-3 

0 . 0 

10.0 

2.9711 

2.0 

46 . 9 

-99.2 

-50 . 3 
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Figure  3-9. 

Machine  B  Ground  Test  100  Degrees  Azimuth 
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PURPOSE 


The  reason  for  calibrating  the  ADF  receiver  AGC  voltage  versus  signal 
strength  is  so  that  unknown  signal  levels  can  be  determined  by  correlating 
the  receiver  AGC  voltage  to  the  calibrated  field  strength.  This  calibra¬ 
tion  procedure  was  developed  for  the  King  KR-86  ADF  receiver  installed  in 
the  Avionics  Engineering  Center's  Piper  Saratoga  N8238C.  The  calibration 
procedure  is  based  on  the  material  presented  in  reference  1. 


JUIPMENT 


Airplane  -  Avionics  Engineering  Center's  N8238C 
Signal  Generator  -  Wavetek  3000  O.U.  no.  1298 
Field  Calibration  Unit 
SL-802-A  Remote  Serial  I/O  Device  (SLP) 

Heath  H89  Computer 

ADF  Receiver  -  King  KR-86  O.U.  no.  1479  (modified  to  permit  disabling 
of  the  automatic  search  and  an  AGC  voltage  tap  added) 


Software: 

SL:  Device  Driver 
Forth  Nucleus 
ADFCAL  Forth 


Cables: 

RS232  Data  Cable 

50  ohm  coaxial,  type  N  connector  to  BNC  connector  AC  power  cord  - 
at  least  three  outlets 


i 

SETUP 

The  FCU  must  be  placed  such  that  the  loop  antenna  of  the  FCU  is  one 
meter  from  the  center  of  the  ADF  receiver  loop  antenna  and  so  that  the  cen¬ 
ters  of  the  two  antenna  are  at  the  same  height.  Also,  the  FCU  loop  antenna 
must  be  oriented  for  maximum  coupling  by  placing  the  FCU  in  a  position  so 
that  the  plane  of  the  loop  is  perpendicular  to  a  line  from  the  ADF  receiver 
loop  antenna  to  the  FCU.  All  other  equipment  is  to  be  placed  in  any  con¬ 
venient  location  within  the  limits  of  the  cable  lengths. 


CONNECTIONS 

SIGNAL  GENERATOR  to  FCU: 

The  requirement  is  for  a  50  ohm  coaxial  cable  type  N  connector  to  BNC 
connector.  The  cable  used  is  a  five  foot  long  RG-58  coaxial  cable  with  BNC 
connectors  on  each  end  and  a  BNC  to  type  N  adapter  used  for  connection  to 
the  signal  generator. 

The  cable  runs  from  the  "RF  OUT"  connection  of  the  signal  generator  to 
the  "EXT  IN"  connection  of  the  FCU. 
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SLP  to  H89: 

The  aale  end  of  the  RS232  cable  connects  to  port  320  of  the  H89  com¬ 
puter  and  the  female  end  of  the  cable  to  the  male  HOST  port  of  the  SLP. 

The  Transmit  Fin  Select  switch  for  the  HOST  port  of  the  SLP  should  be  in 
the  "XMIT  2"  position.  The  Baud  rate  of  the  SLP  is  to  be  set  to  9600  and 
the  unit  select  character  to  a  CNTL-V  (0001  0110),  where  0  means  closed  and 
1  means  open.  The  Baud  rate  and  unit  select  character  are  both  set  via 
DIP  switches  on  the  bach  of  the  SLP. 

ADF  RECEIVER  to  SLP: 

The  two  wires  protruding  through  the  front  of  the  KR-86  (the  AGC 
voltage  tap)  are  to  be  connected  to  the  channel  0  analog  input  of  the  SLP. 
The  blue  wire  (AGC  voltage)  is  connected  to  pin  1  of  the  analog  I/O  connec¬ 
tor  and  the  black  wire  (ground)  connected  to  one  of  the  ground  pins  of  the 
analog  1/0  connector  (pins  20-28). 


PROCEDURE 

With  the  equipment  properly  set  up  as  described  in  the  previous  sec¬ 
tion,  perform  the  following  steps. 

1)  Set  the  ADF  receiver  to  the  desired  test  frequency  with  the  mode 
switch  to  ADF  and  the  added  switch  (located  between  the  mode 
switch  and  the  volume  knob)  in  the  up  position.  Turn  the  ADF 
receiver  on  and  set  the  volume  to  any  desired  level. 

2)  Turn  on  the  signal  generator,  set  the  output  frequency  to  the 
desired  test  frequency,  and  set  the  RF  output  level  to  the  desired 
signal  level.  A  sample  of  suggested  output  levels  is  shown  on  the 
ADF  CALIBRATION  form  in  figure  1. 

3)  Find  the  position  of  the  maximum  signal  by  rotating  the  goniometer 
in  small  steps  and  reading  the  receiver  AGC  voltage  (maximum  AGC 
voltage  corresponds  to  maximum  received  signal  in  the  KR-86).  The 
goniometer  is  rotated  in  small  steps  by  momentarily  depressing  the 
test  button  with  the  added  switch  in  the  up  position  and  then 
releasing  the  test  button  and  putting  the  added  switch  in  the  down 
position  to  disable  the  receiver's  ability  to  search  for  the  null 
field.  The  AGC  voltage  is  read  on  the  H89  computer  using  the 
ADFCAL  Forth. 

The  maximum  AGC  voltage  should  occur  when  the  pointer  of  the  KR-86 
is  in  the  direction  of  the  FCU  (relative  to  the  location  of  the 
receiver's  loop  antenna).  Note  that  the  test  button  must  be 
released  to  read  the  AGC  voltage  properly. 

4)  Record  the  AGC  voltage  at  its  maximum  level  on  the  ADF  calibration 
form. 
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5)  Repeat  steps  1-4  for  each  signal  level  desired. 

6)  Repeat  steps  1-5  for  each  frequency  desired. 
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***ADF  CALIBRATION*** 
********************* 


DATE:  OPERATOR: 

LOCATION: 


SIGNAL  GENERATOR  SETTING 
frequency  RF  level 

(kHz)  (DBM) 


************************************************** 


E  FIELD 
(dB  above 
1  V/m) 


300 

+7 

79.0 

300 

+3 

74.0 

300 

-3 

69.0 

300 

-7 

63.0 

300 

-13 

57.0 

300 

-17 

52.5 

300 

-23 

47.0 

300 

-27 

42.5 

300 

-33 

37.0 

300 

-37 

34.0 

300 

-43 

27.6 

300 


-47 


22.8 


REFERENCES 

[1]  Luebbers,  Raymond  J . ,  James  Irvine,  Thomas  Mullins,  Jerry  Bash,  "A 
Method  of  Calibration  of  Airborne  ADF  Receiver  AGC  in  Absolute 
Volts-per-Meter,"  Avionics  Engineering  Center,  Department  of 
Electrical  Engineering,  Ohio  University,  Athens,  Ohio;  October,  1979. 


END 

FILMED 


